Six triterpenoids of lupane-type structure were isolated from the low-polar fraction of ethyl acetate extract of dry resin of dragon's blood tree Dracaena cinnabari, endemic to Socotra Island, Yemen, one of which (2) is reported here for the first time in nature. The structures of isolated compounds were identified by different spectroscopic methods such as GC-MS, IR and NMR.
Introduction
Dragon's blood was the name given to cinnabar resinous sap originally produced via incisions in the bark or stem of Socotri Dracaena cinnabari Balf (Agavaceae), endemic to Socotra Island in Yemen. [1, 2] Recently, the term "Dragon's blood" became a general name for all kinds of resins and saps obtained from four distinct plant genera; Croton (Euphorbiaceae), Dracaena (Dracaenaceae), Daemonorops (Palmaceae), and Pterocarpus (Fabaceae). [2] Dragon's blood has been used since ancient times by many cultures as traditional medicine. [2] It has also been applied in folk magic and as a coloring material. [2] [3] [4] Dragon′s blood has been used for a long time for the treatment of wounds, leucorrhea, fractures and as an astringent in treating diarrhea, dysentery and piles as well as intestinal and stomach ulcers. [5, 6] Dragon's blood of Socotri Dracaena cinnabari Balf has shown several biological activities and therapeutic uses: antimicrobial, [7, 8] antiviral, [9] antioxidant, [10, 11] antitumor and cytotoxic activity. [12, 13] Previously, some phytochemical studies of the genus Dracaena have been reported and a diverse group of compounds (terpenoids, flavonoids, sterols and sterol glycosides) from dragon's blood were isolated and identified. [2, 4] In our previous work we reported the isolation and identification of sterols, triterpenoids, [14] and monoflavonoids, [15] as well as one biflavonoid [16, 17] and one triflavonoid. [18] In continuation of our investigation on the chemical constituents of Socotri dragon's blood resin, we report here the isolation, purification and identification of one new and five known lupane triterpenoids from this plant.
Material and Methods

Instruments and Chemicals
The IR spectra were recorded on Shimadzu FTIR-8400-S spectrometer (Sana'a University, faculty of Science, Yemen). NMR spectra were performed at 500 
Extraction and Isolation
Dragon's blood dry powdered resin (750 g) was firstly extracted exhaustively with alkali ethanol-water (9:1), and the combined extract volume was reduced by evaporation in vacuo (40 °C). The concentrated extract was partitioned successively between n-hexane, EtOAc and n-BuOH respectively and every portion was evaporated in vacuo (40 °C) to dryness.
The residue of ethyl acetate extract (6.4 g) was subjected to isolation on silica gel (400 g) column chromatography using n-hexane-EtOAc gradient system from (98:2) to (65-35) in 20 ml fractions. Several fractions were obtained and combined, based on TLC monitoring, into two main fractions. The low-polar fraction was evaporated in vacuo (50 °C) to dryness. A few mg sample of this fraction was subjected to GC/MS analysis, whereas the remaining quantity (1.9 g) was re-isolated on a preparative TLC plate (25% EtOAc/n-hexane) and extensively purified before identification.
Results and Discussion
Extraction and Isolation
Our previous phytochemical studies on Yemeni Socotri dragoon's blood resin have resulted in the isolation of several sterols and triterpenoids from n-hexane extract. [14] In continuation of our phytochemical studies on this resin, six lupane-type triterpenoids derivatives could be purified from the less polar fraction on preparative TLC plates. Lupane derivatives 1, 4 and 5 have been found in other plant species.
Lupane derivative 4 was previously isolated from the stem bark of Salacia beddomei, [19] whereas lupane derivatives 5 and 1 were isolated from stem bark extracts of Betula utilis and from the roots of Hyptis suaveolens, respectively. [20] Lupane derivative 5 was also isolated from the leaves of Salacia cordata [21] and aerial parts of Euphorbia splendida. [22] In addition to the 3 β-OH group, lupane derivatives 3 and 6 contain a 2-OH group the stereochemistry of which could not be established.
The lupane derivatives corresponding to structures 3 and 6 have previously been
reported. The lupine with a 2 β-OH group was reported by Hauang et al. [27] while that with 2 α-OH group was reported by Schmidt et al. [28] We found in literature no information about the extraction and isolation of lupane derivatives (1-6) from dragon's blood resin of Socotra dragon tree (Dracaena cinnabar). Furthermore no information about the extraction, isolation, purification and structure elucidation of lupane derivatives 2 was found in literature. Thus compound 2 of natural source is reported here for the first time.
GC and GC/MS Analysis
The Table 1 .
Spectral analysis
The findings derived from GC/MS analysis were confirmed by IR, (Table 2 ) and 13 C-NMR data (Table 3 ) of compounds 1, 4 and 5 with reported spectral data of betulinic acid [23, 20] , lupenone [24] and betulin [23, 20, 22, 25] , respectively, reveals significant resemblance in the position of IR absorption bands and signals assigned in proton and carbon NMR. The spectral data of compounds 1, 4 and 5 are in full agreement with those observed in the literature. [23, 20, 22, 25] 
Presence of broad absorption band at 3498-3225 (OH) and absence C=O (1690 -1820).
Previous Studies
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IR (KBr), cm -1
On the other hand, compounds 2, 3 and 6 were considered, based on a positive These results indicate that IR spectrum of compound 3 exhibits broad absorption band at 3554-3267 cm -1 resulting from hydrogen-bonded hydroxyl groups in this compound, unlike compound 5 whose IR spectrum exhibits a less broad absorption band at 3435-3332 cm -1 (resulting mostly from its free hydroxyl groups).
Analysis of the IR spectrum of compound 2 shows that it has a hydroxyl group C-NMR data of compounds 2, 3 and 6 are assigned as shown in Table 2 The signals seen in the 1 H-NMR spectrum of compound 6 (Table 2 ) reveal the presence of five methyl groups, one isopropenyl moiety, two oxygenated methylene group protons (CH 2 OH group, H-28a and H-28b, dd) and two exocyclic methylene protons (H-29a and 29b, dd), indicating that this compound has a lupane skeleton and a structure approximately similar to that of betulin (compound 5) with an additional hydroxyl group at C-2. The presence of this additional OH group was further proved by the presence of two overlapped broad singlet signal at δ=4.83 ppm (two magnetically equivalent hydroxyl hydrogen protons, one at C-3 and the other at C-2). Moreover, the presence of a hydroxyl group proton at C-28 in the chemical structure of this compound was confirmed by the appearance of one singlet broad signal at δ=4.72 ppm. Finally, the 13 C-NMR spectrum of compound 6 showed 30 carbon signals, which were shown by DEPT experiment to be 6 methyl groups, 11 methylene group (one of them olefinic carbon), 7 methine carbons and 6 quaternary carbons (one of them is olefinic).
Structure and configuration of compound 6 was further deduced by comparing its NMR data (table 2 and 3) with those of compounds 2 & 3 and those reported for betulin [21, 26] . 
